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ABSTRACT 


Aircraft accident data was analyzed to investigate the 
differences in risk of Naval aircraft and to develop some 
overall risk measure. To analyze risk, a flight was divided 
into four risk areas; takeoff, inflight, transistion, and 
landing. Accidents were assumed to occur according to a 
Poisson process and tests were carried out to prove the va- 
lidity of the Poisson assumption. The Poisson model yielded 
two factors, the exposure to the risk areas and the perform- 
ance in them, which were used to construct a risk measure 
and to explain the differences in the present accident Ronee >. 
A procedure to predict risk was developed. A statistic, im- 
provement index, was developed to allow a direct comparison 
between different types of aircraft with respect to safety 
performance with differences in risk taken into account. 
Another statistic, weighted improvement index, is proposed 
to provide insight into where the primary positive and nega- 
tive contributions to Naval aviation safety are made in any 
given year. The aircraft studied were the major Naval oper- 
ational and training agretartt, dnusene period of primary 


mcerest was fiscal year 1969 through fiscal year 1973. 
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i Rr ANALYSTS 


A. INTRODUCTION 

‘The present Naval aircraft accident rate (average number 
of accidents per 10,000 flight hours) accounts for all risks 
an aircraft faces during a flight. However, this rate im- 
plies that the accident rate is the same for every hour of 
Pete On examines ia the accident rate for an aircraft 
ice Oetiesermelnes tinat the accident rate for every flight 
hour is .0001. This implication is not true because some 
phases of flight are inherently more dangerous than others. 
With this fact in mind, what is a good measure of risk for 
an aircraft. In other words, does there exist some combina- 
tion of aircraft accident data which is a valid measure of 
overall risk? Since a flight is made up of many risks, it 
seems seaseneDle to first look at risk by components and 
then combine these in some manner for an overall risk measure 
rather than trying to evaluate all risks at once. Therefore 
to gain more insight into the analysis of risk, a flight 
was first divided into four risk phases; takeoff, inflight, 
transistion, and landing. These phases were defined accord- 
ing to Naval Safety Center accident code definitions as 
follows: takeoff was defined as the time from the start of 
Caveot: roll until “ere aircraft is in a climb configuration 
fimmeclanibiicemtrans@Toti1on is a@combination of the time’ from 
Staeeot Climpmumtil reaching a cruise altitude and the» time 


from leaving a cruise altitude until in the landing configuration, 
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landing is the time for initially in the landing configura- 
tion until the completion of the landing roll; inflight is 
that portion of the flight after the climb and before the 
fesccmumto land, These four areas were used to,help find 
an overall risk measure for an aircraft, or in other words, 
a risk index. One application of this index could be to 
more quantitatively explain why aircraft accident rates 


Glatt ie 


B. BACKGROUND AND THEORY 

To evaluate risk, what was needed was some method to 
analyze aircraft accidents in an analytical framework. Be- 
cause the occurrence of an aircraft accident can be con- 
sidered to be an event in an accident counting process, a 
Poisson approach to the problem of accident modeling and 
risk analysis was used. Statistical tests were initially 
carried out to determine if all aircraft accidents over a 
vo eperiod Of time tLorm a PoOorSsson process. Tests were 
also done to determine if accidents by specific types of 
aircraft and by different risk areas can be considered 
Poisson processes. The Poisson property of independent 
increments was assumed within each risk area. It can easily 
be shown that the exponential inter-arrival times and memory- 
less properties of the Poisson process are inherent by the 
HtjeeEemOtedircrairt accidents. A final Poisson property that 
was used is that given n accidents in a period of time t, 
tiesemml acetaents will be uniformly distributed over t. This 


property was used in the statistical tests that the accident 
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process was of the Poisson type. The results of the tests 
confirmed the Poisson assumption of aircraft accidents in 
every case investigated (Appendix A), Because of these re- 
sults and assumptions, all aircraft accidents were assumed 
to follow a Poisson process. 

The Poisson approach represents an analytical modeling 
fooltiat can be used™in the evaluation’ of all accidents to 
determine a risk measure. Now that this model is available, 
what would be the best way to use it to develop a risk 
index? First, using the Poisson assumption and also using 
the reproductive property of the Poisson process, the divi- 
sion of a flight into risk areas is now analytically pos- 
sible. Using a Poisson model, the accident rates in each 
Scie 1OUr risk areas represent, in a reproductive manmer , 
the total accident rate. In effect, this approach modeled 
aircraft accidents as an inhomogeneous Poisson process by 
allowing for different accident rates in the different 
phases of flight. These accident rates for each risk area 
aeemedtlrcdm ask rates. The risk rates reflect the safety 
performance of an aircraft in any given risk area of a 
ferent, Since total risk is a combination of many Yrisks, 
it would seem reasonable that the first step in developing 
fetiekeindex should be the computation of the risk rates. 
Bywevallating the risk in the defined areas much insight 
into the breakdown of total risk can be obtained. Once risk 
in the risk areas has been evaluated, it is evident that 


some combination of the four risk rates will give the total 
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risk measure desired. The exact combination of these risk 
rates to use to get the most valid risk index is dependent 

on the approach used. One approach would be to add together 
the risk rates over the four risk areas for a given aircraft 
to obtain a risk index. However, the risk index obtained 

in this manner does not account for the proportion of flight 
time spent in each of the risk areas. Thus it seems a better 
approach would be to use some weighting factor for each risk 
mac tomappropriatelysweipht at in terms ofethe contribution 
of each risk area to the total risk. The best weighting fac- 
tor becomes obvious when we realize that our analytical model 
is a Poisson model, and as with a normal Poisson process 
another factor beside the performance (risk rate) in a risk 
area which is accounted for is the exposure to risk. This 

1s needed to give some idea of how much an aircraft is ex- 
posed to each of the risks considered. To perform a complete 
risk analysis using our Poisson model, the exposure and the 
performance should both be utilized in some manner in the 
dewedopnent anidevaladatmen Of a risk index for any amrcwaft. 
With this and our weighting factor in mind, the immediate 
Calmictace Lomea risk index is the present accident rate. 
ieiaememMes properties required of a risk index in that it 
accounts for all risks an aircraft faces and the exposure 

to these risks. Because of this fact, it would seem to be 
Uaemmpescte Measure, ot total risk faced by an aircraft. The 
Pecoumeimeetor of total risk by the accident rate is also a 


valid concept because of the reproductive property of the 


[es 











Poisson process. No matter how many contributions, in the 
sense of risk, the present rate has, the total of these in- 
dividual risks will be realized in the present accident rate. 
These specific risks could include the four areas already 
used, plus factors such as single engine risk, single pilot 
Dus Gay Amaggsht risk, pilot experiencegkevel , gai lot wro- 
ficiency level, and many others. The reproductive property 
is demonstrated by realizing that for any aircraft, the sum 
over the four risk areas of the risk rate multiplied by the 
expasure to risk, in percent of flight time, is equal to the 
DHeceitiwaccndecntenateston that aircrafteeeathis propenty. the 
total accounting for of the performance and exposure in each 
risk area, is exactly what was desired of a risk index. 
Piesoppmeech Onmusing the accident nate as a risked 
assumes that for a risk to be classified as such, it must 
be realized in the form of an accident. In other words, if 
no accidents occur in a risk area, the risk rate will be 
zero. A reasonable alternative to this approach would be a 
Bayesian approach for determining the risk index of an air- 
ETateeenowevyer, 1t 1s felt that the priors, which would 
allow a personal input of risk evaluation, would be too 
subjective to yield valid results. Also, another reason the 
decu@chtetate 1Ssesuperior to a Bayesian type risk index 15 
that when a risk changes, the accident rate will automatically 
reflect the change in risk while the Bayesian approach would 
favemparaccounc tor the change in other, more subtie ways. 


Cralecassower a short period of time the accident rate may 
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not be a true measure of risk because the true performance 
in a risk area may not be realized due to limited exposure. 
However, over a long period of time, for instance more than 
Poe Gee Weehit heurs, the exposure will be sufficient so that 
i”e acemdcnterate willl essentially approach "steady state". 
As an example of this approach to risk, consider the Apollo 
space program. Surely no one would say that there is no 
risk in going to the moon, yet the program has had no acci- 
dents, and its risk index would be zero by the accident rate 
approach. However, since only four flights have been made 
the program obviously has limited exposure. If 10,000 
flights were made with the same record of no accidents, then 
it would seem valid to say that going to the moon had a risk 
close to zero. In a test and development phase like the 
initial Apollo flights, a Bayesian approach would probably 
Dome@re Dest approdem to risk™analysis. However, operational 
Naval aviation is well beyond these early developmental 
stages and sufficient exposure exists for all aircraft eval- 
uated herein to assume that the use of the accident rate as 


a risk index is a valid approach. 


Cyan th COLLECTION AND ANALYSIS 

To better evaluate overall risk, the risk rates first 
Naoto be calculated. Since a Poisson model was being used, 
calculating the risk rates was the same procedure as estimat- 
ing the parameter of the Poisson process of accidents in each 
meemamea. 'O Construct a risk rate for each risk area two 


separate pieces of data were needed. The first of these was 
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the number of accidents in a given risk area. This was 
obtained by a computer sort of accident records. The exact 
procedures of the sort and a flow chart of the sort program 
are given in Appendix F. In the same appendix a discussion 
on the data available at Naval Safety Center is also given. 
The other prvece of data needed to construct a risk rate was 
the tame spent mm cach mask area for each aircraft. This 
type of data was difficult to obtain because a time break- 
down me co call aircraft time by risk areas does not exist. 
The master aircraft time file does not account for time in 
these specific areas. Because of this, some method had to 
be devised to obtain time in the risk areas to make the risk 
ama@lysis technique tractable. The cost and scale ofa de- 
brief type analysis to obtain time in the risk areas was 
considered prohibitive. Also, if a debriefing type program 
were used to obtain data, estimates would probably still be 
cmven@simiee alrcrews“really do not specifically keep track 
of time an these four areas. Because of these restrictions, 
dvetonm type approach was used to obtain the time estimates 
by risk areas. The sources used were the aircraft analysts 
at the Naval Safety Center, men who evaluate the safety and 
are experts on a specific aircraft, and three squadrons 
which operated each imemrart. First, an average,sortice time 
Was obtained for the aircraft of imterest by dividing the 
COtal Yamomnt of flight time over the period of interest by 
tme totval@number of flights. Based on this average sortie 


time, the experts were asked to estimate how many minutes 
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or fractions of minutes of this average flight would be 
spent in each of the four risk areas. Climb and descent 
information were obtained separately and combined into the 
transistion phase data in the ici sie In this manner time 
estimates for the four risk areas were obtained for each 
Miterateestuagca. Ihe variance in the estimates for each 
aircraft was due in part to the differences iM Local  amed 
procedures and specific missions of each squadron. It is 
not solely variance due to errors in estimation. This var- 
lance was needed in the analysis to give a true total picture 
Gian average £light profile for each aircraft. <A more 
detailed analysis might look at a given type aircraft ina 
piven location and find its time in the risk areas exactly. 
However, in this initial look at risk, only the average time 
Gi1wan Wircrait in each of the risk areas was used. 

Meeeer the initial collection of data on time estimates, 
the average time in each risk area was shown to the analyst 
Somecmmied tor any comment Or revision he felt relevent. Any 
disagreement with an estimate resulted in the collection of 
PecowudtaNonetmat Specatic dircraft in the area in question. 
This process was followed by a re-evaluation by the analyst. 
By this iterative Delphi method a reasonable estimate of 
exposure to risk, given in the analysis by percent of flight 
time in each risk area, was developed. The results of this 
Deon analysis are pivén in Table V. By taking the total 
flight time over a given period and using the exposure data 


obtained, time spent in each risk area could be determined. 
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Combining this time with the number of accidents in that risk 
area over the same period yielded a risk rate for each area 
and each type aircraft. These results are given later in 

the discussion section in Table I. 

One problem generated by this method of obtaining data 
by the Delphi method, which was considered to be the only 
method that could reasonably be used, was a reduction in some 
possible areas of interest. For example, it oe hoped an 
investigation into takeoff and landing rates in both ship 
and shore environments could be made. Because the time 
estimates for takeoff and landing were so variable, it was 
felt that extending these estimates by estimating how much 
time was spent in the ship phase of operations was too great 
mmextemsionm of the Delphi technique to give valid xesults. 
Also, it had been hoped to break up the inflight portion of 
risk into cruise and mission risk areas. The accident codes 
would permit sorting the accidents in this way, but again 
time estimates in these areas were too variable to be used 
with any degree of confidence. The data was sorted by ship/ 
Shore and cruise/mission criteria simply to give some idea 
of the contributions of these areas to the basic risk rates. 
mie intlaeht risk rate is, in effect, somewhat like the 
Phesenumaccident rate ian that it is not really one constant 
rate but is made up of areas with risk rates of their own. 

A sensitivity analysis was done to determine how significant 
the cruise and mission risk rates might be if they were used. 


The results were that, compared to the takeoff and landing 
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Pret eraecs, cle breakdown of the inflight phase into cruise 
and mission areas does not yield significant additional in- 
formation (Appendix B). Thus, the inflight rate is to be 
Mmmmcmoreted to reflect the overall risks and performance in 
both the cruise and mission phases of flight for each air- 
craft. A future study might look into the ship/shore and 
cruise/mission risks in more detail by getting good time 
estimates for the specific areas, and then using the risk 
analysis procedure developed here. Using this technique, 
risk rates for areas such as ship takeoff, air combat maneu- 
vering, glide bombing, etc. could be found. 

Sileemele sovetrall accident rate is made up of the sum of 
piewindividual risk rates multiplied by the exposure to each 
risk, two pieces of data (number of accidents and tetal 
flight time) were needed to construct a risk index for each 
Pigeon ormee these two pieces of data are already in- 
cluecamimeene present accident rate, the calculation of a 
TiSk indéx was reduced to calculating the accident rate of 
each aircraft. This calculation was done for the major Naval 
Seeonaetomaileand training aircraft. Specifically, these were; 
ee ee ee een A- 7, F-4, b-8) E-2, P-3, S-2, T-28, and 
T-2. The period of primary interest, fiscal year 1969 through 
fiscal year 1973, was selected as a representative five year 
Pep todeanmewnarech the risk rates had sufficient time to stabi- 
ize weer not too lone that any of the basic risks or ex- 


posures changed. 
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Deo oGUoslON OF RESULTS 

The computed table of risk rates, Table I, can be ana- 
lyzed to obtain a great deal of relevent and useful informa- 
tion. For instance, it can be seen that the attack and 
Piaieer alrcratt have the highest inflight accident rates. 
This 1S expected, since, as was mentioned previously, this 
rate reflects what an aircraft does inflight. Obviously the 
inflight risk rates reflect the well known fact that these 
type aircraft face the most risk inflight. By using the 
risk rate approach, this fact is shown in a more quantita- 
Piveamanneh. by looking at Table II, the risk rates and 
accident breakdown by ship/shore criteria, it can be seen 
that the high takeoff rates are due about equally to ship 
and shore operations for most aircraft. The exceptions to 
iow arcetne F=4 and the A-7, which both have a great number 
eonipeuakeott accidents. It can be seen that aircraft with 
elanommunnoenh Or great proportion of their takeoff accidents 
on the ship tend to have the higher takeoff risk rates. This 
indicates a definite trend toward the ship being a great risk 
fOrieacot ft . 

hiewiemeaniGanoemat sk anea, the high Landing risk rates 
ateeavemmaimiy to shipboard operations. It can be seen that 
ee emeinec satlrterdit, sume A-3, A-5, 9and F-8, have extremely 
Dee wicwiioeniskerates, A closér look at the accident 
breakdown shows that all of these rates consist mainly of 
Saritereey pee landing accidents. This point is further demon- 


strated in Table III which shows the ship landing risk ratcs 
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for the fighter and attack type aircraft. The exposure 
estimates for this table are only approximations, and are 

not as valid as those of the risk area analysis. The cal- 
culation was done only to get some idea of what the ship 
landing rate might be like. The F-8's very high ship land- 
mMieerrsk rate 15 due in part to the fact that it primarily 
Piemates Of Of the smaller Carriers, and thus its higher 
Janding risk rate reflects the higher risk of operating off 
of a small deck carrier. Some further analysis was done on 
the breakdown of day/night risk rates for the high perfornm- 
ance (i.e., fighter and attack) aircraft in the landing risk 
area. The results are given in Table IV. As can be seen, 
the night landing risk rates are generally quite a bit higher 
than the overall landing rates. These sub-analiyses were done 
EO investigate the factors contributing to the overall trend 
of high landing risk rates. Obviously night and carrier 
operations are major factors in the landing risk. It would 
be interesting and profitable to extend the day/night break- 
down analysis to other risk areas, but unfortunately expo- 
sure data is only specifically kept by the day/night criteria 
tmeeie Lancing phase of operations. 

PecesttanstStron Frisk rates are, except in two cases, 
fggeher than the inflight rates. High transistion risk rates 
in the single engine, single piloted aircraft, i.e., the A-/7, 
A-4, and F-8, were expected since these aircraft have no 
backup for the pilot or engine in the critical phases of 


climbout and descent. This expectation held true with one 
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Risk Area 


Aireratt Takeoff Inflight Transistion Landing 
A-3 23.86 46 54 24.40 
A-4 38.98 As: 158 ORS 
A-5 31.14 1.64 150 48.26 
iO * JA Basia oS 1.915 2.96 
aot 30.99 eee Dore 10.99 
Ee4 40.56 ee 2 1.48 133372 
F-8 24.64 2.08 2.63 68.20 
haf 7,8), sl eZ 96 13744 
P-3 L265 04 08 1.09 
Sot Fats no ol yy cl) 
25 6.36 sls a2 dO) 
T-2 6.60 .50 OS wee 


The above rates are given in number of accidents per 
me O00 yisk type hours, e.g., for every 10,000 hours of time 
Spent during takeoff, the A-3 had 23.86 takeoff accidents. 


BOreTeterence purposes in evaluating the above tables: 
the srsk Indices of the aircraft for FY 69 through FY 73 are 


given below: 


Aircraft Raps kee ide x Are rat & Risk vince 
A-3 all F-8 Ace 
A-4 168 feerZ £0: 
A-5 550 P= PO) 
A=6 1 38 Siew . 70 
A-7 De Wo fess . 34 
F- 4 Deal Wa . 66 


ime 1. Risk Rates, FY 69 Through FY 73. 
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- Total 
naireratt Total Landings Embarked Landings % Embarked 


A-3 201,353 28,851 14.3 
A-4 1,384,780 155,186 11.2 
A-5’ 99,182 17,464 17.6 
A-6 379,032 65,833 ile fl 
A-7 822,294 173,898 _ Dexia 
F-4 994,773 144,617 14.5 
F-8 414,824 59,471 14.3 


Ship Landing Ship Landing Embarked Landing 


Aureratt Time Accidents ___Risk Rate 
A-3 Ne 22S 10 8oo0 
A-4 9180.8 10 10239 
A-5 Ord 4 HO. 37 
A-6 B529.9 2 500 
A-7 8450.4 16 (ets) S) 
Ea 6324.9 18 28.46 
rag ES OS 39 244.73 


fete il, Landing Risk Rates, Ship/Shore Breakdown, 
roo liagetph FY 73. 
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piste ra tt Risk Area 


(Avg. Sortie Length) Takeoff Pile Sa emote ir st) Gone Landing 


Te Sceeaaiaual CRD 80 74.87 21.20 is 
faa Gls 91 ones 14.84 4.69 
/ one Ge 1.74 74.42 19.90 Fos 
eo 80 (1 98 isa 83.65 11.09 3.95 
ce (1,7) ess 75 53 18.70 4.41 
a sy 97 79). 46 LE DE 4.29 
F-8 (1.6) 1.42 77.36 18.61 2.60 
Eee (2.6) 96 75.96 1195 2552 
eS) is 87.96 9.97 ess 
errs) 67 89.03 7.74 6 
fee (ls) 1.03 72.36 AGGSE Ton 26 
fe? is) 1.92 40). 516 15.06 13.46 


imemy., Exposure to Risk - (By Percent of Flight Time). 
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exception. The three aircraft just mentioned ranked first, 
tirsds and fourth in transition risk rate, with the A-6 
ranking second. This anomaly was investigated further and 
it was found to be valid, the A-6 having a high number (8) 
of climbout accidents in the period investigated. This in 
turn reflected an engine problem the A=6's»had during “this 
period which, as noted by the risk rate, increased their 
risk in the transition phase. Much more analysis could be 
Hone ongtihe risk rates in all gmiisk areas to answer maily 
Specifle questions coneéerning risk, 

By using the Poisson model and the accident rate ap- 
proach to risk analysis the reason why accident rates dif- 
PeolOlmeatrcratrt tO aircratt is readially apparent. By 
looking at the exposure to risk and the performance in the 
risk areas, two independent pieces of information used in 
the Poisson model, it can be seen why the present accident 
rates are like they are. For example, the P-3 is exposed 
to the takeoff and landing risks less than any aircraft, 
and it performs in the takeoff risk better than any air- 
Crdgeserand 1s second best in landing risk rate. It is ex- 
pose@mror the initlight risk more=than anyaircraft, yetmirs 
jpeenohit cate, 1.e€., 1ts performance in the inflight area, 
hs) SO Loweesince it fages so few risks inflight, that this 
1S neta Major factor#im its overall safety record. Its 
transitwemw rimsk rate isWalso the lowest of all the aircraft 
Seadaied, Al of th@se factors combine™to say that the P-3 


should be one of the safest aircraft in the Navy. This is, 


Zed 





oi course, true. As another example of what risk analysis 
Pane cclie us, we see that the T-2 is exposed to the landing 
risk more than any aircraft (13.46% of a flight). This is 
Because it iS a jet trainer aircraft, and it has relatively 
Short flights with a significant proportion of landing 
Mmeaetice in Gach. Despite its great exposure to the land- 
pigebisk the 1-2 performs, so well in this critical risk 
area that its overall accident rate, or risk index, is low 
tiene compared to other jet aircraft. 

Miemocnweral VU" shape of the risk rates for all ’alrenare 
is consistent throughout the analysis with the takeoff and 
landing rates high compared to the inflight and transition 
rates. The actual magnitude of each risk rate is determined 
Strictly by the aircraft's performance in that risk area. 
This approach to risk analysis explains in more quantitative 
terms what is shown by the present accident rate. In other 
words, the present accident rate shows that a P-3 is safer 
Baan an F-8 since it has a lower risk index. However, the 
risk index by itself does not really indicate why it is safer. 
By looking at the development of the risk index, though, we 
are able to answer this question by looking at the exposure 
Pomricoweand the performance im the risk areas. The risk 
aime omemmormts out. that these two factors, exposure and 
performance, are the two keys to understanding the reasons 
fOr dittemences in accident rates. Contained in the perform- 
ance figures are also other risk factors such as single pilot 


risk, carrier operation risk, and a multitude of different 
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risks which various aircraft face in a flight. By just a 
cursory look at the exposure and performance figures used 
in the thbysis 4 good idea of what an aircraft's accident 
rate will be relative to other aircraft is obtained. its 
is the object of risk analysis, and it is what the develop- 


ment of a risk index and the risk rates makes possible. 


BE. RweDICTION OFWRISK INDEX 

After the initial formulation of the ideas on risk ana- 
lysis, it was hypothesized that perhaps the theory and 
techniques being used to evaluate the risk of an operational 
aircraft might somehow be extended to include prediction of 
risk for aircraft which were not yet operational. This 
would enable the Navy to predict to some degree the safety 
performance of its new aircraft. 

It was obvious that the present data on accident and 
risk rates was an ideal base from which to formulate any 
prediction. It was assumed that a Bayesian type a prtrorv 
set of risk rates would be a valid and tractable technique 
to use in the approach to prediction of risk and risk rates. 
iitsea sprzor: risk rate would be based on three factors: 
Itieiat rates Of aircrartt with similar flight characteris- 
Pees 2)) Proposed exposure to risk areas, and 3) experience 
Weeiescimuiar type aircraft. From these components a pro- 
jected risk index could be determined for a new aircraft. 
This a prtiort risk index would give the Navy some indication 
of what to expect in the way of safety performance from the 


mere; art. 
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The Bayesian approach here does not contradict what has 
previously been decided in the rejection of the Bayesian 
type approach for the assignment of a risk index to an air- 
@rarc.. AS mentioned previously, the aircraft being evaluated 
mere Operational aircraft, and data in the form of actual 
performance in the risk areas was available for use in de- 
termining risk. The exposure was also great enough to as- 
Sume that the accident rate was somewhat "steady state". 

In the case of prediction this type of complete data would 
not be available due to the limited exposure of the aircraft. 

Another approach to this problem of prediction could be 
through the application of renewal and reliability theories. 
It could be assumed that the accident rate of a new air- 
Serer as in tact a failure rate which is (hopefully) de- 
creasing. The steady state rate would be the actual risk 
index for the aircraft. This type of model would require a 
failure rate which is gamma distributed, with the shape 
parameter less than one. Unfortunately, the lack of any 
Preeeddta aim the Critical areas of the failure curve pre= 
clwdes using this model and this approach. Of note in this 
aperoceners the tact that the accident rate would be, an 
feltability terminology, a hazard rate™or failure rate: 
penmertly speaking, this 1S in fact what the accident rate 
is. However, to be consistent with aviation safety termin- 
liom e2t willicontinue to be FOner ad to as a risk. @iec. 

As an example of the Bayesian approach to risk index 


prediction, a projected accident rate for the F-14 will be 
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computed. First, it can be assumed that the most similar 
aircraft to the F-14 in the exposure to risk would be the 
F-4, However, the F-4's exposure times must be modified 
somewhat to reflect the F-14's greater endurance. The 
actual takeoff, landing, and transition times will be simi- 
lar, but all of these will be a smaller proportion of the 
moma tlight due to the longer total flight time. — In other 
words, the F-14 will be exposed to these three risks less 
than an F-4. Since takeoff, transition, and landing risk 
mueaswacemreduccd in €xposure, the inflaght area is smatural- 
ly increased in exposure. Just by the exposure considera- 
tions alone it can be seen that if an F-14 performed exactly 
the same as an F-4 it would have a slightly lower accident 
rate due to the lessened cxposure in the critical risk 
areas of takeoff and landing. However, the F-14 will most 
likely not perform like an F-4. The major reason for this 
change in performance is the F-14's variable geometry wings. 
These give the F-14 a great performance advantage over the 
F-4 in virtually all risk areas. In the takcoff area the 
wings allow a lower lift off speed and a lower stall speed. 
A comparable aircraft, performance wise, would probably be 
an A-6. In the transition phases of climbing and descend- 
ing the variable swecp wing again locke wae stall yspeca 
and makes the aircraft much more stable in critical transi- 
tion phases. In the landing phase the wing should again 
give the F-14 the performance characteristics of an A-6, 


ieee it should perform very well in this phase. In the 
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inflight phase the risk rate will probably be lower than the 
F-4"s even though the F-14 is exposed to this risk more. 
Miesrteason for thismas seenman thes factethat a great propor- 
oi of the fighter aircraft inflight accidents are stall/ 
Spin accidents which occur during air combat maneuvering. 
Because Of the F-14's computer controlled variable sweep 
fies, tie aircraft has not yet been spun. This character 
istic should make the F-14's inflight risk rate low compared 
Pete F-4's . 

Wimeapbesy.t the F=l4=eprediction data and a predacted 


risk index are presented. 





Predateted Exposure+ 


(F-4 values given in parentheses) 


Takeoff Inflight iwans 1 clon Landing 
179% (.97) 83.08% (79.46) 12.50% (15.28) 3.63% (4.29) 


Predicted Risk Rates 


Geprtom: risk rate reason 

Takeoff 20.0 Similar to A-6 takeoff risk rate 
iInfiiceht 0) Slightly lower than F-4 risk rate 
Tmomseetven 1.3 Slightly lower than F-4 risk rate 
Landing Sl) Similar to and slightly more than A-6 


ihancwnme tisk vate... 


Pisk index Caleuration 


Mecident rate i (risk rate),* (exposure), 


iy 


(20)+(.0079) + (1)°(.8308) + (1.3)+(.125) 
+ (5)°(.0363) 
= 158 + .8308 + .1625 + 1815 = 1.33 


Deomeecred i=14 accident rate is 1.33 accidents/10,000 hours. 


maimmemvi. Prediction of Risk Index for F-14. 


estimates from Captain Clyde Tuomela, Head, Aviation 
Safety Programs and former NAVAIRSYSCOM Deputy Program 
Manager, F-14 Test and Evaluation. 
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II. COMPARATIVE ANALYSIS 


A. BACKGROUND 

Now that the different risk rates and dheda contributions 
fo the overall risk measure have been investigated, it would 
be worthwhile to have some method to compare aircraft with 
mespect*to safety~performance and determine which is actually 
pertorming the best when differences in risk are taken into 
account. This type of comparison would enable us to look at 
different aircraft and compare them in a "normalized" risk 
environment. From this comparison a determination could be 
made about how an aircraft is performing safetywise while 
meeeaumtine Lor the risks it facés, Since it has already been 
Shown how risk varies from aircraft to aircraft, it 1S eVi- 
Hetitntiat comparing the present accident rates directly te 
compare safety performance yields deceptive results. Com- 
paring accident rates is really comparing both safety per- 
mommance and differences in risk. If all aircraft operated 
mmene same risk environment and had the same performance 
emeatacteristics, then comparing accident rates would be a 
valid procedure of comparing safety performances. However, 
since no two risk environments are the same, comparing acci- 
dent rates does not account for the differences in risk of 
Sach aircraft. Because of this, two statistics are proposed 
which can help compare aircraft safetywise in a more produc- 


Mvemmancde valid manner. 





B. COMPARATIVE MEASURES 
1.. Improvement Index 

Tow account for the risk differential in aircraft, a 
comparative statistic was developed which was based on the 
theory or using’ each aircraft as its own control with re- 
Spect to risk. This procedure is logical since each air- 
craft 1S unique in its exposure to risk, its performance in 
the risk areas, and the specific types of risk it faces in 
Saen risk@areae. To compare aircraft to each other, the 
first step was a normalizing step which compared each air- 
Siiheelo Ltselt with respect to safesy penmformanmce m One way 
Eomco tis norwalization was by#@¢omparang an apreraft's edif- 
Lemence in Safety*performance (accident Yate differential) 
tO an average rate over some specified period. By doing 
trrse we can see the difference in how well the aircraft per- 
formed when exposed to essentially the same risks. It is 
necessary to compare the differences in accident rates to an 
a@vetape rate because the difference in risk alone 1s not a 
ferralizeammedsure. For cxample,; the difference in P-3 ac- 
Srdene rates would be, at most, .16 while the difference in 
F-8 accident rates could be as much as 2 or 3. Thus a dif- 
Berewee wer aceidentwrates dawvided by the average» rate over 
a somewhat uniform risk period is a good measure to use to 
lowialuszemall airerart safetywise. A statistic to do this 
is designated an Improvement Index (II) and it is calculated 
as follows: 


Mu@icemdent ratesim year 1-1) - (aceident rate in year i) 


ry. : : 
il aeeemer 2eCident rate in years 1-leand 1 
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If consecutive years have accident rates of zero the II is 
arbitrarily set to +l, a figure rewarding consecutive zero 
accident rates with an indication of substantial improve- 
ment. This statistic assumes that over the two year period 
tmmncerest, years i-1l and 1, the aimeratt faces basicaly, 
the same risks. It then evaluates how well it faced these 
Peows in year 1 versus year 1-1. ‘This statistic has ane@ana- 
Pastealteiivterpretation based on the Poisson model used in 
risk evaluation. To see this, we first must assume that the 
aircraft flies about the same amount of hours in years i and 
ioe lnwee implies that the average accidemt rate omer these 
two years is equal tothe average of the two years aceident 
naeeowe Next, we owSserve that tiemaccident raves in yearse 
poemeeiare the rates of two independent Poisson processes. 
Finally, we note that the period covered by the years i and 
i-l can be considered a period (0,t) in which both processes 
SGetreelt these assumptions are true; the II is thensequiy- 
alent to: 

meprobability ome accident i year 1- i givenmonc 
aeerm@ente in years 1 and i-1) - (probability one accident in 
year i given one accident in years i and i-1)). 
iivemactnaleanalytical déerivation@e® the abowe formulamis 
presented in Appendix D. 

The improvement index has several desirable attri- 
bieeSe First, it is positive if the aircraft inp Re ncd sm 
safety performance and negative if it declined. This is an 


obvious necessity for an improvement measure. Second, the 
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moiec Or the II is from +2 to -2 for all aircraft, thus nor- 
malizing all to a common scale. The index is also not 
biased in either the positive or negative direction. Fi- 
nally, the index only compares an aircraft to itself. This 
means that the value of the II is dependent only on the air- 
craft's risk performance as compared to the risks it faces, 
and it is not influenced by the actual magnitude of the ac- 
elaent rate, | 

By using the improvement index a direct comparison 
of all aircraft can be made in any given year. This is pos- 
sible because the trends in safety performance of the air- 
Sratte@ave been reduced to probabilities and do not depend 
Smrecctlyron the number of accidents or the hours flown. The 
aircraft with the most positive II nas improved the most in 
a year as compared to the previous year. On the other hand, 
the one with the most negative II declined the most, or in 
other words, performed worst in its risk areas considering 
Piewtrsks 1t taced, Table VII shows values of the improve- 
Hememiieex for the aircraft studied over the period fiscal 
1969 through fiscal 1973. 

cwenced Improvement Index 

WietuGtier interest 1n comparing aircraft safetywise 
Hemenerdvestion Of which aircraft is the prime contributor 
to the overall safety record and which is the major detractor. 
The improvement index does not really give this information 
Since it only indicates how much an aircraft improved or de- 


clined in performance and not how significant that aircraft 
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Pus eal ear 


poeneratt 1S 1a ely 70 ow 

A-3 mere alae - ,48 eeng + 27 
As4 Xt aepilé + .48 S50 + .01 
A-5 Pil2oee = as + 95% + ,34 eG 
A-6 ei 2s + .10 ees als 
A-7 + .58 07 + .40 = fil - ,02 
F-4 5 + .42 = .08 » 06 + .10 
F-8 inh + .70 & fe eG - 648 
E-2 - .94@ +41.11*  -1.10 + .84 2 
P-3 +1.00 SEG AUS Weenies 3 ee 
S-2 + .59 2 36 - 47 =) Ai 0 

T-28 20 mms | = 616 - ,24 + .63% 
T-2 + .83 + ,28 oe + .42 Bal 


i (ecient races wear 1-1) - (accident rate in year i) 
1 sal . eet oa 
di 


SVenaee accident rate in years i@and Wi 


If denominator equals 0, Il, = + 1.00. 


* best in year 


@ worst in year 


The above figures use each aircraft as its own control and 
show relative improvements in any given year. They can be 
Hocumiecrdirectly compare aircraft in a given year with respect 


COuettery pPerrormance. 


Table VII. Improvement Index (II). 
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is to the overall safety record. One way to look at each 
aircraft's contribution would be to look at the magnitude 
Of the rates for each aircraft in a year and compare these 
rates to the overall rate for the year. However, this ap- 
proach does not account for differences in risk between the 
Menperatt compared. Since the II does account for this fac- 
tor, and also gives the amount of improvement for each air- 
craft individually and normalizes them, it should be a good 
basis for the new measure. To account for the safety con- 
teie@tion of an aircraft a weight was applied to each im- 
provement index. This weight could have been based on one 
of two factors available in safety analysis, hours flown by 
ameareratt or number of accidents. Since once a valid ex- 
posure is establaisied Mours Llowmledic Mot Simi ireamne (beces 
the accident rate is somewhat steady state), the weight 
chosen was based on the number of accidents. Specifically, 
the weight was the percent of the total number of accidents 
Miata particular aircraft had over the two year period 
covered by the II. A percent of the total number of acci- 
dents was used instead of just the number of accidents so 
that all weights would be in a fixed range (0,100) and all 
would add to 100 for any year. This weighting factor placed 
more emphasis on the aircraft with the most accidents, and 
in this sense contributed the most to the overall safety 
record. The resulting statistic is called a Weighted In- 
provement Index (WII), and it is calculated as follows for 


Saenmetype aircraft: 


oo 








WIT.=<I1.x ‘total (AcUPeTCeldenuswOumaInetatt in years 1-17) 
i 


1 (Perel nunNber Of “AGGiGgentsS in years i-1,1) x 100. 


For aircraft with many accidents even a small improvement in- 
dex will yield a large WII, indicating a major contributor 
or detractor to overall safety in the year. On the other 
Mame aircraft with a smail number of accidents, in most 
cases the low risk aircraft, would need a great change in 
their accident rate, yielding a large improvement index, be- 
fore they were of concern. Table VIII shows the WII for the 


Pemmoa fiscal 1969 through fiscal 1973. 


fae otocGUoSlLON OF RESULTS 

By using the improvement index and the weighted improve- 
ment index all aircraft can be compared directly and on equal 
terms because risk differences have been accounted for. In 
looking at the improvement index table it is evident that in 
Pemeral the higher risk aircraft don't have large II's. The 
Mimemexceptton to this is the A-5, which has a large I] in 
bomumbe/S and 1971. In both these years the A-5 performed 
SO well with respect to the risks that it faced that it had 
one of the highest improvement indexes. Another piece of 
imformation that can be seen in the table is that the magni- 
tude of the positive II's (those showing improvement) are 
me@eratly much greater than the magnitudes of the negative 
Mmeweeihnis 1S obvreusly a good property showing an overall 
trend to improved safety performance. One problem inherent 
Pomotemil 15 that it Can get Into cycles when an aircraft 


fptemamwery cood or very bad year. In this case, the next 
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Fiscal Year 


eee tT ie Te va 70 69 
A-3 - 2.05 + 3.41 - 1.67@ + 1.25 + 1.13 
A-4 - 4.55 + 3.30 +11.74* - 2.59@ + .12 
A-5 + 2.37 - ,34 + 2.23 + 1.05 - 87 
A-6 - 1.14 + 1.84 + .61 - 1.43 + 59 
A-7 +11.78*% + ,42 + 6.89 + 1.65 - ,19 
F-4 - 7,.32@ +0676" = (48 = 97a + 1.69 
F-8 sil + 8.05 + 3.07 + 5.12% -11.878@ 
E-2 - 1.14 + 1.15 - .86 + ,55 - i 
P-3 + 1.22 - 1.56@ - .38 + .91 + 42 
S-2 + 1.62 a - 1.46 - .43 
T-28 - 1.30 + 1.58 - ,59 - ,67 + 2.19% 
2 + 2.02 + 1.04 - (44 + 1,69 + 1.68 


Wiel i: x(% of total accidents in years 1 and a-Ii tier 
il , 
aiGnerdrt nad) 


= beSt In year 


@eworst in year 


ihe magmitudes of the figures indicate Significance on 
aircraft's safety performance to ovcrall Naval aviation 
Safety, with differences in exposure and risk. In effect, 
it shows where the primary praise (most positive) and blame 
(most negative) can be assigned for any given years safety 
mo@oma Looking along rows shows specific aircraft's sareu, 


trend, 


Table VIII. Weighted Improvement Index (WII). 
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year's II will usually change sign and be rather large. An 
Pmampre Of this process 1s the E-2 in the 1970 to 1973 time 
frame. 

Memis an the WII table that the most useful information 
is found. It can be seen that the positive numbers are again 
larger than the negative, although not by as much as in the 
Mmiecase. lt 1S alSo evident that the cyclic type pattern 
exhibited by the E-2 in the JI table is absent here. Instead 
we get Some indication of which aircraft really did improve 
the most be considering both its performance (II) and its 
PPomierecance (% of total accidents). An example of this is 
foun im the 1973 statistics. In that year the A-5 did so 
Peeeecie Jl was + 1.29) that, even though it had a small 
feeportion of the total accidents (1.8%) it was the second 
most significant eameielamneere to the years safety record. On 
the other hand, in 1972 the P-3, which has a very low risk 
welajeedid so poorly that it was the major negative contrib- 
Megeeto the overall safety record. This is despite the fact 
eraeeitehad only 1% of the total number of accidents. Many 
other examples and answers to particular questions can be 
found in these two tables. 

By using this type of comparative analysis on the risk 
indices of aircraft, a true and useful representation of the 
actual safety performance can be found. A similar procedure 
for calculating the II and WII could also be followed in each 
of the risk areas to give information on particular risk area 


Safety trends if desired. 
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III. CONCLUDING REMARKS 


“it has long been recognized that to prevent accidents, 
it is necessary to study accidents to identify causes and 
@etect problem areas so that corrective action can be 
initiated". 

The analysis carried out in this thesis is a first at- 
tempt at a more enlightningeevaluation oferisk to gain a 
better understanding of differing accident rates in the con- 
text of overall aviation safety. The risk rates developed 
are a unique and extremely helpful concept to evaluate an 
aircraft's overall safety performance by evaluating how it 
peawemened sim certain risk areasm@, The risk mates are also 
vem enelpful>, in conjunction with the exposure data, to in- 
vestigate and evaluate the total risk of an aircraft. Risk 
itself is an elusive quantity that is hard to define, and 
ten@ereyet to calculate. lt is felt that the measure of 
Piste preposed here is a valid measure of total risk, 1.e., 
fecuelleand inherent risk. Much more defined and specific 
mronmemeasures of these two factors would require more data 
witmeicenow avallable, particularly in the area of exposure 
to risk. Nevertheless, even in their general context the 
fetemdex and the risk rates can be used profitably by 


Naval Safety Center and operational commands to gain insight 


“Gilpin, L. H., “Ask Not What You Can Do For the Computer, 
Ask What the Computer Can Do For You", Approach, p. 19, March 
1974, 








into where the primary risks for an aircraft lie, and how 
the aircraft are performing in these risk areas. 

The comparative measures that are proposed by using the 
results of the risk analysis are new and worthwhile measures 
that can be used as an excellent evaluation tool. Measures 
of this form to detect trends and magnitudes of contribu- 
tions to safety performance are not now available. With so 
much emphasis today on safety trends and improvement in 
safety performance, these measures will add significantly to 
the analysis and evaluation of all Naval aircraft. The mea- 
sures are readily available from existing data and will be 
a definite contribution to the safety analysis done at 
Safety Center as well as at all major aviation commands. 

Moeamplied by the initial quote, it is hoped that thus 
study can achieve the primary goal of all safety studies -- 
Bomeoltribpute to the prevention of accidents. It 1s felt 
that the analysis presented herein can achieve this goal, 
and thus prove its worth in more than a strict academic 


Senceeebut in a safety context also. 
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APPENDIX 


mousson, Theory 


Theorem: 


a Poisson process have occurred by time t. 


A: POISSON DATA 


Suppose that we know that n events, n > 1, of 


Then the set of 


Nn arrival times, {U,....U,}, has the same distributiom as a 


set of n random variables which are independent and uniform- 


Ty distributed on the interval (0,t).> 


One way to test if a given process is a Poisson process 


meme observe it for a period of time, T. 


We record each 


Evem=c in tLilat time period, and the time it occurred (U.), 


measured from the start 


of the pemilod. | ACeoOrdinteto. ene 


poewe theorem, 1f the events are following a Poisson process 


Ebewtimes at which the events oeeur should be independent 


Paoimuidcornmly distributed over the period T. 


mieye test to see if our 
Wariormly distributed. 
Pactmenmet, according to 


Moderately large values 


S 
n 


of n independent random 


on the interval 0 to T, 


re eS 


*Ross, 


Academic Press, 


fat roduction 
Q72. 


Thus we need 
observed times are independent and 
One Way "tO dostnis Us. co use the 
tou 


the Ceneral Linmsteineorem , 


Oem ate Niesss lia 


Variables, each uniformly distributed 


May De COlsiderce to be normally 


to Probabaityeviodels,. py. 126, 
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distributed with mean 


nE(U,) = nz 


Ba 2 


and variance 
T?2 
Var(S_) - nVar(U, ) = ny5 
The test is then to see if Sy satisfies the inequalities 


E(S)) - 1,96(var(S,)) < Sn < E(S)) + 1,.96(var(S))). 


If it does, we would accept the hypothesis that the observed 
Ewemts are of the Poisson type, The test has a 957 leveleor 


. ae 4 
Significance. 


Poisson Test of All Accidents, FY 70 





n 
S = <£ U. = 7eeis 
n : aL 
a i=l 
T = 365 
n = 439 
Y fees oe a 
E(S,) = nE(U,) Sl Nl Is2esy -= S07. s0 
7 Goes _ 
Var(S_) = nVar(U, ) ae ni eiO 208) = 4875814 aay 
S.D. = YVar(S_) = 27207207 
meme OG)(S.D,) = S0117.50 - TagG(2207 767) 
= 80117550 = 452 -0seon >. 20.4, 
Peete (S.D.) ="60117“50 4543527/7.05 = eee eee 


‘barzen, Stochastic Procegses, p. 141142, Holden ane 
OZ. 
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memenrO1SSON, With 95% level of significance: 


yo) (Shia Sgiet (1406)KSD) . 


439 
Por ry 70 we get: 


75,790.47 < 78,915 < 84,444.53. 


Therefore the accidents for FY 70 can be considered a Poisson 


process. 


Bepeso lest for A-7 and Prop Aireratit, FY 72 
eee Aircraft 


n 43 
oe = U. = 2 U. = 7211 
1=1 1=1 
T = 365 
E(S) = (18245) sar 4 OS ee das 
Var(S,) = n(11102.1) = 43(11102.1) = 477389.6 
S.D. = 690.9 
meee Oo(S5)) = 7847.5 - 1354.2 = 6493.53 
Beings) = 7847.5 + 1354.2 = 920177 


6493.3 < 7211 = 920127 so Poisson Ooi 


muons cratt (C1, C2, Ely Bees ys bere) 


19 
Se => §yU. =e 
n : i 
1=1 
T ="S05 
E(S.) = 19(182.5) = 3467.5 
Var (S,) = FOCI 102. 1) = 210s. > 
S.D. = 459.3 
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pF) 
U 


u + 1.96(SD) = 3467.5 + 900.2 = 4367.7 


Bee “1 SOS) 5407 2.507 Ole 


I 


Zo O75 


2907.35 S 3815 << 4307-7 SOePolssonmOnraer 


Poisson Test, Ret Landing and intlient Aceidencs 
A-7 Landing Accidents 


= 2 U; = 14606 


T = (Ose (EY 70m Fe 7 bxeeen 


E(S_) = ny = 30(547.5) = 16425 
T?2 
Var(S_) = nq = 2997562.5 
oD nig sues 
TeewinSe(sp) — 16425 — 359an4 —mlsocdnG 
u + 1.96(SD) = 16425 + 3393.4 = 19818.4 


13031.6 < 14606 < 19818.4 So Poisson Q.E.D. 


A-7 Inflight Accidents 


33 


S = .2,4U. = 12560 
n 1=1°1 


T = 7G0n (CRY a7 7eeEnaeraly) 


E(S_) = 33(365) = 12045 
7 7302 | 
Wee (SUES see = MGT 


5.0. = 1240..6 
Dy 2a) 


I 


uw - 1.96(SD) = 12045 - 2372.7 
14417.7 


uo + 1.96(SD) = 12045 + 2372.7 


UG7 255" = 12500 <r yso Poisson me. D. 
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APPENDIX B: RISK DATA 


Risk Area Breakdown 


Theorem: Reproductive property of the Poisson process. 


If xy hoe x are independent Poisson random variables with 
e nh » 

parameters A184 hereon: Anon FeSpectivelly, sthene —— sey Xx. is 

also a Poisson random variable with parameter id = 2, teSen 


For an A-7 aircraft, a typical risk breakdown is: 


Present Risk Profile 


Accident 


Rate 4 


time 
¢ = SoOrete tine 


Revised Risk Profile 


Accident 
Rate 


time 





Larson, Introduction to Propabi tyindsotatascledimeen. 
fiemomec, p. 180, John Wiley & Sons, Inc., 1962. 
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to 


to 


takeoff time 


inflight time 


transition time 


landing time 


“a 


All accident rates are given in number of accidents per 


10,000 hrs. 


above, the area under both curves is the same. 


Mime ra tt 
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Dakeor’ Risk shares, Frege throuch FY 73. 


Because of the reproductive property given 


EOYs 
aioe 
34, 
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S500 3 
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Aammenca t t. 


A-3 
A-4 
= > 
A-6 
moe 
F-4 
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|e 
t= 5 
SZ 
te 28 
eZ 


ihaiee ot. 


Peieera tt 


i= 3 
A-4 
aes) 
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Isle. 
re 2 
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SoZ 
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Table XI. 
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Aarecrait 


> 
A-4 
A-5 
A-6 
I \eay | 
F-4 
F-§8 
EeZ 
|e 
SZ 
H-2S 
Tog 


Riseal- .ear 


73 72 71 
16.26 nD . OF 36.50 
OO 5.49 7.93 
0 2 . Sal 59.86 
Geo TES, 5.04 
3.96 8. 7 G4 2 
16.15 rl. oe 12.02 
Bon 2 2 21.298 73.40 
We es 0 50.46 
200 0 0 
ele 5. So (Eee: 
Tbe oes) 0 On 
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70 
Orr a Z 
11.66 
Se) oan, 


ZUR 50 
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4.03 
ire 
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22100 
140.71 
AUR 7 
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14.61 
96.46 


Zo 
4.47 
Ors 
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Taplemeolls Landing Risk Rates, FY 69 Through FY 73. 
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A-4 
A-6 
A-7 
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F 8 


Inflight Risk 


Mission Risk Rate 


Rate Mission 50% Mission 25% 
78 o8 1.18 
93 88 Re i 
ice 1.10 222 
sey a Wea 2.48 
2.08 1.99 Se 


Cruise 
RiskeRate 


Cruise. 507 


Besls) 
ms: 
Lod 
eel! 
Leal 


iitemawovemrlOures Imdkeate what the cruise and mission 


risk rates would be if 


Demecilettesr Or Ene intlignt portion of a flight. 


Table wel. 


iro y 73. 


DZ 


Gruise and Mission were the indicated 


Geiaeccyascion SCiSitivity Analysis, FY 69 





"2YUSTTY JO sosvyg FO soyeWTYsY oWlL “AIX 9TqeI 


“SUOTIBI9dO UOLpeNbs UL SODUSIOFIIP PuUe YFRVIDIIV FO SUOTSSTW YUSLSTFIP S}OaeTFOL DdUPTIBA 


EXPOSURE DATA 


C 


APPENDIX 








(oz°zS) oS'oT (69° J) SZ°S (COT*SOT)SZ°8r (00°r ) 00°9 (SZ°) OS'T (7 Cae 
Di MemOvwme(scmnemcs 2 (OO ipnyde 25 (oz° ) s2-s (OT) OB (ST) Hsz-1 
wommemOe ve(6l yy ) S220 (OP'L ) ZS°6pr (69° ) Gz°-S (60°) ST'T (S 2m 2-S 
Meo Se) S2°y (6t° ) Si°¥~ (00°ZzT}09°S9z (89°T ) SZ£°ST (89°) O9°T Gr os) Sse 
Mccmmes SeeCS2 GheSz zr (Sz°2 ) OS°STT (ert°z ) Sz°sTt (Sz2°) OS’T (9° 72)ae Zea 
Mie os comtoo OL) Sz°6 8 (fz°ze) Tes*vl (29°S ) Z9°S) (Sr) LET (or Tae 8-2 
(ss° ) 98°s (sz°tT ) OS'S (92°6T) OS°TzZ (6T°ST) SZz°S (9¥F°)Sz8° (oD Vo 
Rimes vemaaee 0S OF (S/°Z ) 0S°6Z (76°S ) 95°8 (81°) 8s- Cee) 
Riceeeie y C09 1 )08 9 (s/°z ) os°s6 (ots ) Ss°S (sz2°) OS'T (6°T) 9-V 
Gezeewece pets. Se) 0S Of (08°61) 08 18  (00°L ) OO'TTD (8s°) 8e°T (9 0) eS 
Rieeede ¢ (695 J052°9 (49°T ) OF 92 (S4°2 ) OS '£ (S0°) 88° CO) ey 
Mcteecs ft (22 JOO vr (00° vs) OG6°zoT (00°Ss) O9°PT (2Zt°) OFT (o Zea 

puey ERED Tasty quETD yor Tem ov 


SONUTW UL (S9dUeTIBA) UPOp 


ao 








APPENDIX D: ANALYTICAL BASIS OF COMPARATIVE MEASURES 


Letting rs DomumemaGeident erate ii year 1 for the air- 


orton Ita s Gm ElemLmnpGovencnit index, by defination, is: 


TI. = are ; 1 
. Ti-d,i 


If we assume that the average rate for the two years is: 


- ee eek i 
dee Derg 2 
Then 
1S Gr CG 
ee ef eed Gey eS 
y 2 
ar ilies — aia 
a ek i <P ok 
i-l 1 i-l 1 


The quantities in the brackets above can be interpreted 
Mmcne  LOblOwine manner. Since the accident process in each 
VectmisOL the Porsson type, the accident rates for years 1, 
1-1, and both years combined are Te, Tay: and Coote 


respectively. From this fact it can be shown that i£° 


beeomipexactly one accident in years i-1 and i] 


Ross, ee) eet CauectlOnmeeomreroObabDility Models, Ch. 5, 
Academic Press, 1972. 
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lI 
on“ 
~ 


Ait 


PicomMaetlvwesone aceladenie In Wear 1-1 @iven one 
accident in years i-1 and i] 


nS 
en 
HI 


Peulohemeceraent 1n year aa ieand mone in year ay 


ei ee 


Usingetne Samesrationale, defining P> as the probability of 
exactly one accident in year 1 given one accident in years 


i> 1 cole. wemoece 


Hiemnanece Of e@2eh, Of ethese ratios 15 “from 0 to I, and thus 


Pom hOvenent I1ndexsewill “range trom —-2 to + 2. 





APPENDIX E: MISCELLANEOUS DATA 

A=3 A-4 A= A-6 iil Bee P-8 
66,601 186,464 136,802 
79,605 234,846 171,042 
85,692 321,526 190,003 
82,142 335,209 9,496 53,080 199,558 
80,971 383,076 14,704 85,267 230,570 
[2 SAA G 637 Seo 8 §Sileyd28 111 | S5ORaoe7 SS 
73,896 459,351 17,942 30,911 161,499 202,454 
2,779 O46 0556519 ~~ VS5e5S 86: 1.4 jf GG 89 155 7 52 
69,518 481,996 16,400 76,828 58,619 202,158 138,703 
67,479 454,594 16,828 98,263 120,582 223,273 111,633 
60,241 347,484 17,167 95,701 154,419 214,575 104,036 
B25) 322,719 19,151 100,588 195,797 193,933 85,841 
ime S10. 5555020,60660 107e254° 208.227 197,564.) “Gee 24 
39,285 312,484 19,963 111,995 229,124 187,649 60,382 
ica ikew.)-eoOurs tlown, EFYeo0NThrougn FY 7/3. 
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This data was taken from the one liners by model aircraft 


mommy 70. The accidents are not “ar chronological order. 
The accident numbers are arbitrary. 


day each accident occurred during the year. 


The day column is the 


Since only the 


sums of the waiting times (i.e., days of the accidents) were 


used in the statistical tests, the actual accident-day match- 


up 1s not of significance. This format applies to Tables 


XVIII and XIX also. 


Becraent Day Accident Day 


il 273 31 340 
2 57 32 213 
3 49 33 258 
4 22 34 185 
5 249 35 148 
6 220 36 170 
7 136 37 164 
8 ED 38 128 
9 188 39 206 
10 73 40 229 
lal 119 41 341 
12 ay 42 14g 
13 73 43 291 
14 D'S 44 107 
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pombe XVEla FY 70, All Accident Waiting Times. 
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ArPrENDe wr: <A DISCUSSION OF DATA €OLIECTION 


All aircraft accident data available at Naval Safety 
Center was stored on magnetic computer tape. It was pro- 
cessed through a Honeywell H-1200 computer which has a 
114,000 core storage capability. Available data consisted 
of all information related to each Naval aircraft accident 
feereauired by Opnay anstruction 3575020, The IFARS (in- 
mividual flight activity aprons nie system} data, which was 
also available, consisted of all flight hours of Navy pilots 
Ieee Ori Cers.  IFARS data also gave all Navy airerart 
flight hours from 1969 to the present time. 

The primary form of the accident data used in this study 
was an abbreviated format called a "one liner". This con- 
sisted of a one line computer printout of various pieces of 
data concerning a specific accident. There were various 
fomms Of one liners used at Safety Center. The aircraft 
analysts wsed a one liner with the date of the accident, 
Vem unecratt Invelved, IjJUrleS ~sassilened Causes, and 
Pllotwscunanesand personal data,  Themeywere also formats 
Piitenmconcained Only information on the type of aircraft 
involved, its power plant, and any mechanical causes of the 
cold Vem lic  pritiary Lornateor tne acerdent data that was 
used in the analysis of risk was a.statistical form of one 
liner called a "Haines one liner". This presented, in 


Pomedwmecroriiat, the date of the accident, type of aircraft, 


(ee 





reporting custodian, injuries and damage, location, phase 
Ptercinont, Causes, and many other pieces of significant 
data. A sample of a Haines one liner is given on the fol- 
lowing page, along with an interpretation of the data it 
Peescemes. Lit@einstead of a coded presentateron Gi the acci- 
dent data, a word description was desired, four types of 
descriptions were available. Type 1 was a general mishap 
mManrratuve; lype Z a Blio-Med naprative:Sivpe 5 atsafety and 
SUrvival narYvative, and; Type 4 agpsychological narrative. 
All narratives were drawn from the basic data stored on an 
Pecrecnt, and they are Gesentially word=desceriptions of Same 
Ouethne one liners. 

Once preliminary study had been done on the data avail- 
ammee,, a collection procedure was set up to obtain the 
desired data. This collection was done by a computer sort 
mapopecttic data fields in the Haanes cne liner. Since ac- 
cidents were to be investigated by risk areas, the sort 
program used the phase of flight code as its primary sort 
Eriter@a, In cases where ship/shome opemations had to be 
iit uemmtlatcae the type operatmens dataseteld was interro- 
gated. On the following page the actual Sort program used 
is shown in flow chart form. 

itesicumdsbe Mentnmoncdathammot alim@ecidents in the 
Safety center files were used in this study. All accidents 
PiciiCmnotecOnrorm tO OMe Of sthe Tisk areas studied were 
Cxchuded strom the computer sort, and= thus excluded from 


Der dimalysis. tlIhese deleted accidents included static 
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accidents, taxi accidents, and accidents on which no infor- 
mation, was available (coded as undetermined accidents). 
These accidents comprised a small proportion (1.6% over the 
Mriod or primary interest) of the total number of acc1- 
ments. oclnce their related risk areas were Met sigmificant, 


their deletion did not effect the risk analysis in any way. 


i) 





FLIGHT PHASE SORTING CRITERIA 


Perse tinase OL Llicht Codesmasem=presented on the follow- 
mr paves. tine below listed sort critcria were used to 


aeide accidents into the four risk areas, and sub-areas. 


RISK AREA FIRST PHASE CODE 
Takeoff All 3 codes 
Mii ent (Crurse. geese 4 5 416 41 Ale Ge 
Ae Awe A 7 S54 704 Pao 
479,47A,47B 
ima kacht 
Inflight (mission) Vee eee A ee ees 7] A ee 
feansi tion 8,45 ,4A,4B 
Landing All 5 and 6 codes. 


I SeOces Mi@ewlistedmauevemwere NOtecrassificd and the as- 
TMeectavucd aceclaents Were met CONsidered am the analysis. The 
breakdown by ship/shore was done by a scparate type operation 
code./ AMeCOD sou LNCmunsc ClmGmcCarat1ons Criteria from the 


Goac manual follows: 


i ee : 

Pomoc. Code Classiiiveation for Navy Aircraft Accident, 
fietaemeesand Ground Accid@nt Reporting, Records Division, 
Peewee ste ty Centcr, Norfolk, Virginia, 1 July 1972. 
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PHASE OF OPERATION 


PRIMARY PHASE OF OPERATION - Card Columns 24-36 Card No. 130 


Mol PHASE OF OPERATION - Card Columns 
Al) PHASESOE OPERATION - Card Columns 


3RD PHASE OF OPERATION - Card Columns 


29-351 Gard No, 130 
S4—50 .Cara, Now 150 
59-41 Card No.7 130 


~w eo = es Se se fe ee ee ee ee ee ee lee le lee lee lee lll lee ee eee ee eee ee ee eee eee ee ee ee ee ee ele lee lee 


PRIMARY PHASE OF OPERATION 


foetal PHASE ODE WHICH COMPLE- 


MENTS THERPRIMARY ACCIDENT TYPE CODE RAND MUST MATCH ONE OF 


iii THREE PHASE CODESNWHICH ARE COpEn IN GEeGUENnce CP EVENTS. 


Hats COVE WILL BE USEDSPRIMAR Ta SEG St St CAL PRESENTATIONS. 





CODES 
i STATIC - ENGINE(S) RUNNING WITH AIRCRAFT NOT IN MOTION 
CODES CODES 

1 ENGAGEMENT (HELOS) 1 REFUELING 

2 DISENGAGEMENT (HELOS) 

3 PRIOR TO LEAVING CHOCKS 

4 PRIOR TO TAKEOFF ATER 
LEAVING CHOCKS 

5 AFTER COMPLETION OF 
FLIGHT (PRIOR TO FINAL 
CHOCKING) 

6 AFTER COMPLETION OF 
FLIGHT (AFTER FINAL 
CHOCKING) 

7 ENGAGING/DISENGAGING OF 
MOORING MAST/LTA 

8 LAUNCHING OPERATIONS 
(SEAPLANES) 

9 BEACHING OPERATIONS 
(SEAPLANES) 

§ ENGINE STARTING 

A UNINTENTIONAL MOVEMENT 
OF AIRCRAFT PRIOR TO 
TAXI 

B ON CATAPULT BUT DID NOT 


TAKEOFT 


iy 





CODES © 


PHASE OF OPERATION (CONTINUED) 


ie eeeeNG ANY TIMES eee I RORAPT 1S ON MOTION ON THE 
GROUND OR WATER UNDER POWER 











CODES 
J ORS IG A SCs OUele 
2 FROM LANDING 
3 WITHIN OTHER AREAS 
TAKE OFF - BEGINS WITH THE INSTANT THE AIRCRAFT MOVES 
FORWARD (TRANSITION FROM HOVER TO FORWARD 
FLIGHT PRIOR TO TRANSITIONAL LIFT FOR 
HeOoweeon lis TAKE OFF RUN OR CATAPULT. 
iis ores TERMINATED WHEN THE AIRCRAFT 
oo toeGnibeSseibiULE. A BOLTER IS 
NOUS e Eee NeEUDED IN THIS PHASE. 
CODES CODES 
lt RON, FROMS TIME TAKEOFF ee Cr AND GO 
POWER JIS ADDED AND THE LANDING OR 
AIRCRAFT IS SET IN MOTION FMLP/FCLP 
(MOVING) WITH THE INTENT 
OF BECOMING AIRBORNE. 2 FORMATION 
FROM BEGINNING OF RUN 
UNTIL AIRCRAFT LEAVES Septet w Orr ABORTED 
THE RUNWAY. UMGRIEPZING EVEL 
Aiea ING GEAR 
Zee CATAPIILT 
4 ACTUAL OR SIMULATED 
Geec IMBy -7 REBERS) fOuiiis- ENSURUMENT TAKE OFF 
HAPS OCCURRING FROM THE 
(eet Gr tiieiveniow 5 se AE ReRAPT LAUNCHED 
GROUND UNTIL IT IS FROM CATAPULT 
CLEANED UP AND BEGINS 
Clr SCHEvUiE. 6 
4 7 AEROBATICS 
5 HOVER Ge een lOR TO DECISTON 
eeErED 
GaeenOVvER TRANSITION 10 
FORWARD FLIGHT See OR 1O REFUSAL 
SEED 
A PRIOR TO ROTATION 
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CODES 
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PHASE OF OPERATION (CONTINUED) 


CODES 
B ABORT 


2 FOLLOWED BY AUTO- 
ROTATION 


eGH l= UNCLE Se bre Solace ehOM THE COM- 
MENCEMENT OF [HE CLIMBOUR PHASE UNTIL 
THE” TIMES WaEN SANDING] PROCEDURES ARE 
BEGUN AND LANDING CHECK OFF LIST IS 





EMEC)”. 
CODES CODES 
1 NORMAL - INCLUDES ALL 1 
FLIGHTS INVOLVING 
MODERATE CHANGES OF 20 TRENSTENT-- HIGH 
ove, Dieeeor ren ALTITUDE 


AND ALTITUDE. 
57 aRANSIENT gee LOW 
Polcelerelee Ete 


4 PATROL/SURVEILLANCE 
5 LOITER 


6 EXTERNAL SLING/HOIST 
(NOT HOVERING) 


7 OVERWATER/OVERLAND 
NAVIGATION 


8 TRANSITION FROM 
HOVER TO NORMAL 
FLIGHT OR FROM NORMAL 
PENGHT TO A HOVER 
WITH AN EXTERNAL LOAD 


Y FOLLOWED BY AUTORO- 
TATION 


Pee EROBAICSee-stNELUBES — 
INTENTIONAL MANEUVERS 
OF ABRUPT CHANGE IN 
MURECTION SSP BED AND 
AeELITUDE. 


8] 





BaaASE OF OPERATION 


CODES 
4 CODES 


3 FORMATION 


4 OFFENSIVE MANEUVERS 


cZ 


(CONTINUED) 


RENDEZVOUS 


GROSS .OVER/ CROSS 
UNDER 


FORMATION DIVE 
NORMAL FORMATION 
TURNING 

OTHER 

TAIL CHASE 

LEAD CHANGE 
PARADE FORMATION 
UNDETERMINED 
BREAK-UP (DO NOT 
USE FOR FORMATION 
BREAK-UP FOR 
LANDING) 
AEROBATICS 


FOLLOWED BY sAUTO= 
ROTATION 


AERIAL GUNNERY 
STRAFING RUN 
ROCKET RUN 
GLIDE/DIVE BOMBING 
DEBENS )V BaWEAVIE 
OTHER 

COMBAT. TAG Tes 


ASW TACTICS (JULIE, 
MAD, ETC.) 





PHtes OF OPERATION (CONTINUED) 


CODES 
4 CODES CODES 
4 OFFENSIVE MANEUVERS 9 LOFT MANEUVERS 


ff TORO ATROINTERCEPT 


> 


HIGH ALTITUDE BOMB- 
ING 


Bb MirSoLLE RUN 


C LAY DOWN DELIVERY/ 
NAPALM 


D LOW LEVEL TARGET 
RUN- IN 


E MINE COUNTER MEASURES 
PHELP COVER 


Soy BiB RE Ah NC UES 1 


MISHAPS OCCURRING FROM 
TRE TIME THE ATR Ge 
ENIERS THE Slot wre. 


TOUCH AND GO LANDINGS 


FORMATION 


BREAK INTO THE LANDING 3 
PATTERN THROUGH THE 
DOWNWIND LEG UP TO THE Y FOLLOWED BY AUTORO- 
180 DEGREE POSITION ON TATION 
FIRST APPROACH ONLY. 
OTHERWISE USE CODE 4B. 
HOLDING PATTERN 1 
Y FOLLOWED BY AUTORO- 
TATION 
OTHER MANEUVERS 1 
2 LOW LEVEL NAVIGATION 
3 UNUSUAL ALTITUDE 
4 AIR TAXI (HELO) 
5 SEARCH AND RESCUE 
6 ILLEGAL MANEUVERS/ 


8) 


UNAUTHORIZED 





PHASE OF OPERATION (CONTINUED) 


CODES 





4 CODES CODES 
7 OTHER MANEUVERS — oVBERSONIC FLIGHT 
§ REFUELING 


9 UTILITY/SUPPORT 
(PLANE GUARD) 


§ OTHER 


A  TRANSONIC FLIGHT 
(.89 to .99 MACH) 


Bee leol  PLiGitT 


ie CLOW ED Ey AUTO - 
ROTATION 


§ UNDETERMINED 

9 HOVER (HELOS) i ASW 
2 EXTERNAL SLING 
3 EXTERNAL HOIST 


4 ENGINE RUN IN 


Seek EL LING 
§ TROOP DEBARKATION 


Y FOLLOWED BY AUTO- 
_ ROTATION 


Neeoetih OUl = TNORUDES 1 TOUCH AND GO LANDINGS 
MISHAPS OCCURRING 
FROM TIME THE ATRCRAFT 2 FORMATION 
LoecLEANED UP AND AT- 


Pao ConiMibessC hme 5 

UNTIL THE ALRCRATISTIAS 

REACHED] iE Die Unie) 4 ACTUAL OR SIMULATED 
ALT TPUDE STOR VCOMMENCE = PYSTRUMENT TAKE OFF 


MENT OF ASSIGNED MISSION 
Meer oukonwe) By AUTO- 
ROTATION 


§ 4 





Pues OF OPERATION (CONTINUED) 





CODES 
4 CODES CObES 
B LANDING PATTERN 1 UPWIND 
Z DURNING CROSSWIND 
3 DOWNWIND 
4 TURNING BASE ON 
CCA/GCA OR IFR 
APPROACHES 
Y FOLLOWED BY AUTO- 
ROTATION 
5 PANE ING - INCLUDES THAT PEMIODSnhOvLetic TI MEsihe. PILOT 


PASSES THESVSOSDEGREE POSITION DURING A 
CIRCIING FAP PReNeGH; OR WHILE ON FEVAL DURING 
Ao Re GH iS iee BPROACH TO THE END OF THE 
PANDING ROLE ONSIHE RUNWAYS" OR THE PIME 

AOE NS neers SLOWS TO TAXITING SPEED: 
ORMetnik At hC Ramil S BROUGHT © TO STOP BYwcnuss - 
DECK PENDANT OR BARRICADE IN CARRIER LANDING. 


lee APE ROACH ae NC LU DE San 1 TOUCH AND GO LANDING 
Cre TSE ROM ine ais. 
DEGREE OS] MONS (TUN = 2 FORMATION 
ING BASE) THROUGH THE 
FINAL ANDSUP TON THE 3 MIRROR APPROACH 


TRANSITION OR LEVEL 
OFF/OR TOUCHDOWN. FOR 4 FLAMEOUT (SIMULATED) 
HEvOss ll COMMENCES 


WHEN FORWARD SPEED IS S FLAMEOUT (ACTUAL) 
DECREASED TO A DESCENT 

SPEED APPROXIMATELY 55 6 BOLTER, MIRROR AP- 
TO 60 KNOTS. THIS PROACH 

PHASE ENDS WITH THE 

COMMENCEMENT OF THE 7 FIELD ARRESTING 
FLARE. GEAR 


2 LEVEL OFF AND/OR TOUCH- Se OLLER - LSO “APPROACH 
DOWN - INCEUDES iinet 
PERIOD PROM TIE were T § IN FLIGHT ENGAGEMENT 
THE ALRCGRABT SCHANGES FROM Cte kREST ING RE 
AND APPROACH ATTITUDE TO 
A LANDING ATTITUDE UNTIL TOUCH AND GO MIRROR 
THE MOMENFP fill ATRCRAFT APPROACH 
MAIN MOUNTS MAKES CONTACT 


> 
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PHASE OF OPERATION (CONTINUED) 


CODES - 
5 CODES CODES 

WITH LANDING SURFACE. B  FRESNEL APPROACH 

STALL ACCIDENTS OC- 

CURRING DURING LEVEL C BOLTER - FRESNEL 

OFF ARE TO BE CLASSIFIED APPROACH 

AS LANDING ACCIDENTS. 

FOR HELICOPTERS IT COM- D INFLIGHT ENGAGEMENT 

MENCES WITH THE FLARE OF ARRESTING WIRE 

AND ENDS WHEN CONTACT ON MIRROR APPROACH 

WITH THE GROUND OR 

WATER IS MADE. E INFLIGHT ENGAGEMENT 
OF ARRESTING WIRE 
ON FRESNEL APPROACH 

F 
3 ROLL OUT - INCLUDES THAT G MANUAL OPERATED 

PERIOD AFTER TOUCHDOWN VISUAL LANDING AID 

TO A POINT IN LANDING 

ROLL WHERE SPEED HAS DE- H MODE I (ACLS) 

CREASED TO A SAFE TAXI- 

ING SPEED, OR A POINT J MODE II (SEMI-ACLS) 

OF MAXIMUM EXTENSION OF 

CROSS DECK PENDANT IN K MODE III OR CASE 

CV LANDINGS. IN TOUCH III (FULL INSTRU- 

AND GO LANDING PRACTICE MENT CCA APPROACH) 

THE ROLL IS THAT PERIOD 

FROM THE TIME THE AIR- L CASE I (VFR AP- 

CRAFT TOUCHES DOWN UNTIL PROACH) 

THE TIME PILOT APPLIES 

POWER FOR TAKE OFF. FOR M CASE II (TACAN AP- 

HELICOPTERS, IT COM- PROACH TO VER CON- 

MENCES WITH THE CONTACT DITIONS) 

WITH THE GROUND OR WATER 

(TOUCH DOWN) AND ENDS Y FOLLOWED BY AUTO- 

WHEN THE HELICOPTER'S ROTATION 

FORWARD SPEED IS STOPPED. 

4 BOLTER 
6 WAVE OFF - BEGINS AT THE TIME WHEN PILOT ABORTS HIS 


LANDING ATTEMPT (APPLICATION OF POWER) ON 
ONG APT ie LON OF TIE LSO, 
C.SOLNt Se WON GeDIRECTORS, OR CHOOSES TO 
Dew oOmONe ho eOWN, SAND ATLEMPTS TO REGAIN 
SUFFICIENT AIRSPEED AND ALTITUDE TO GO 


AROUND. 
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PHASE OF OPERATION (CONTINUED) 





CODES 
6 CODES CODES 
1s CAUGHT WIRE ON WAVE OFF 1 TOUCH AND GO LANDINGS 
2 HIT BARRIER OR BARRICADE 2 
ON WAVE OFF 
3 MIRROR APPROACH 
‘3 INSTRUMENT APPROACH 
4 FRESNEL APPROACH 
4 BOLTER 
5 MANUAL OPERATED 
VISUAL APPROACH 
6 MODE I (ACLS) 
7 MODE II (SEMI-ACLS) 
8 MODE III OR CASE 
Fil (FU INSTRee 
MENT CCA APPROACH) 
9 CASE I (VFR AP- 
PROACH) 
§ CASE II (TACAN AP- 
PROACH TO VFR 
CONDITIONS) 
Y FOLLOWED BY AUTO- 
ROTATION 
7 AUTOROTATION - ACTUAL OR SIMULATED TO BE USED WHEN 
PILOT EFFECTS TO AUTOROTATE AND A 
REPORTABLE MISHAP IS INVOLVED. 
6 EMERGENCY 1 LANDING 
7 SIMULATED 2 POWER RECOVERY 
§ LET DOWN - COMMENCES WITH A DESCENT WITH THE INTENT 
FOR LANDING 
1 NORMAL VFR , 1 INITIAL PART OF 
DESCENT 
2 FORMATION 
2 ARCING 
3 
c 3 PENETRATION TURN 
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COVES 


PHASE OF OPERATION (CONTINUED) 


8 CODES 


SS ff oS > So 


2 NOT 


TACAN 
VOR 

RADAR 

CCA 

ADF 
UHF/DF 
fiery AOR 
GCA/PAR 
ILS 
AUTOMATIC 


AIRCRAFT RADAR 


INCIDENT TO FLIGHT 


ENGINES RUNNING - NOT 
TAXIING (HELOS - ROTORS 
DISENGAGED/ENGAGED) 
TAXI 

OTHER 

PARKED AIRCRAFT 


TOWED AIRCRAFT BY 
POWERED VEHICLE 


BEACHING (SEAPLANES) 
STARTING ENGINES 


PUSHED AIRCRAFT BY 
HANDLING CREW 


§ 8 





GATE 

UPWIND 

TURNING CROSSWIND 
DOWNWIND 

TURNING BASE 
TRANSL LLON TO 
LANDING CONFIGURA- 
TION 

AT MINIMUMS 


LOW ALTITUDE MANEU- 
VERING 


LOT HON ET. 


FINAL APPROACH 
(PRIOR TO MINIMUMS) 


PetGhil Writk 

HANGAR DECK 

FIELD HANGAR 

FIELD PARKING LINE 
TURN UP AREA 
OTHER 


RUNWAY /TAXIWAY/END 
ZONE 


UNPREPARED AREA 
Pui PIS 


MOORED TO BUOY/ 
MOORING MAST 





PHASE OF OPERATION (CONTINUED) 


CODES - 


9 CODES CODES 





Jeon keD) ATRCRART nee oil P ELEVATOR 
DURING MAINTENANCE 
B REFUELING/ 
§ PARKED AIRCRAFT DEFUELING 
ROTORS ENGAGED 


A GROUND HANDLING 


B PREFLIGHT (PRIOR 
TO ENGAGING 
ENGINES) 


p UNDETERMINED - THIS CODE WILL BE USED WHEN THE PHASE 
OF FLIGHT CANNOT BE DETERMINED FROM 
tite eeRomer) ACCIDENT PR INCIDENT 
REPORT 
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